INTRODUCTION
Primary organs affected by chronic obstructive pulmonary disease (COPD) are the lungs and, over time, there are changes on the thorax and adjacent structures, partly, due to muscle weakness 1, 2 . The lungs lose their elastic retraction and the diaphragm presents mechanical disadvantage, causing changes in shape and geometry of the chest wall, which leads to chronic reduction of the diaphragmatic apposition area with abnormal lowering and horizontality, as well as lower vertical excursion during inspiration, changing the diaphragm structure, in addition to increased amount of type I fibers, decrease of type II fibers and increase of oxidative capacity of all fibers, however, insufficient to restore the ability to generate power and endurance at normal levels [3] [4] [5] [6] . Transcutaneous electrical diaphragmatic stimulation (TEDS) is aimed at retraining and recruiting the largest number of intact muscle fibers generating specific muscle contraction, thus promoting strengthening of muscles and preventing muscle hypotrophy, specially in patients with neuromuscular disorders and ventilatory weaning. In the last one mentioned, it can improve the contractile dysfunction, in addition to be indicated to induce breathing [6] [7] [8] . As observed, TEDS effects are related to respiratory variables. However, there is a differentiation between equipment and electrical current parameters, and even intervention protocols 9 . Nowadays, some electric current equipment used for diaphragmatic stimulus are no longer produced, such as Phrenics, which was suitable for functional reeducation through diaphragmatic and intercostal stimulation. Then, there was the intention to review equipment that could cause this electrical stimulation, provide physical improvement and also improve COPD signs and symptoms. Therefore, Russian current was thought as a therapeutic resource for being beneficial to musculature, which promotes increase in resistance and strength of skeletal muscles, removing atrophies and weaknesses from sound muscles, meaning, Russian current is a proposal to conduct TEDS.
Establishing a relation between Russian Current and Phrenics, there are differences in frequency, pulse width (burst) and work cycle modulation,and Russian current differentials are: sinusoidal wave format, depolarized average frequency (2.500 Hz and can be modulated at 30 Hz), with low frequencies (5 to 100 Hz) and variable duration of phases, with 4 ms pulse width and 20%, 35% and 50% variable work cycle. Russian current application favors proprioceptive stimulation and also increases the contraction threshold, which provides a higher intramuscular tension, thus improving muscular tonus 10, 11 . Being a medium frequency current, it presents a higher current penetration through the adipose tissue, impedance capability, which can be beneficial to COPD patients.
The topic addressed in this research is relevant, since it brings a therapeutic innovation on the transcutaneous electrical diaphragmatic stimulation in individuals with COPD, especially regarding its action on structural and hemodynamic changes.
Anyway, so far, research on the effects of transcutaneous electrical diaphragmatic stimulation through the Russian current in COPD patients have not been found. The aim of this research was to evaluate influence of transcutaneous electrical diaphragmatic stimulation through the Russian current in individuals with chronic obstructive pulmonary disease.
METHODOLOGY
This research was nearly experimental and prospective, approved by the Committee for Ethics and Research of the Universidade do Sagrado Coração (No. 203/10), with intentional sampling with an estimation of 20 subjects according to a previous study. 9 Nineteen COPD patients from Bauru city were chosen, although five were excluded for their respiratory condition exacerbation and one for not being able to attend the sessions. These patients were approached by pulmonologists from Bauru State Hospital and a by television campaign.
Inclusion criteria for treatment were: drug stability, smoking interruption, COPD classification levels III and IV 1 and lifestyle maintenance. The exclusion criteria were: unstable pathology, metallic prosthesis, cardiac pace-maker and dermic injury 8 . Specific respiratory assessment consisted of information about history of the disease, drug survey, anthropometry, physical and functional assessment. Volunteers have identified their respiratory clinical symptoms through MRC scale and Borg scale. After the initial investigation, volunteers remained 5 minutes in sitting posture for the measurement of systemic arterial pressure (AP), pulmonary auscultation, respiratory frequency (RF), peripheral oxygen saturation (SpO2) -Onyx 9500 and pulse frequency (PF), measurement of maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP) levels -Comercial Médica; tidal volume (TV ), slow vital capacity (SVC) and minute volume (MV ) -Wright spirometer; respiratory volumes and capacities -Spiro USB -Spida 5 (United Kingdom) 12 ; weight and height allowed to calculate the body mass index (BMI).
The next day, volunteers were subjected to the sixminute walk test (6MWT) 13 to calculate the BODE index 14 .
On the third day, the intervention was initiated through the transcutaneous electrical diaphragmatic stimulation by the Russian Current Endophasys R ET 9701 (KLD ® , SP, Brazil) 6, 7, 9, 10, 15 . The electrodes were placed on their chests bilaterally following the midaxillary line on the height from the seventh to the eighth intercostal space 8 . According to the ventilatory rate of each patient, the individual parameter Normality of data distribution was confirmed by the Shapiro-Wilk test. Data were expressed in a descriptive manner by standard deviation mean± and absolute and relative values. Student's t-test was used for dependent variables paired for comparison between before and after treatment variables (p<0.05) by using the SPSS 17 software (IBM, Chicago, Illinois).
RESULTS
Among the 13 patients, 11 (84.6%) were male, white and aged 68.46±11.11, body weight 70.78±14.85 kg, height 1.67±0.06 m and BMI 25.13±4.61 kg/m 2 . Among them, one has never smoked and the others were smokers for 34.69±12.03 years, and the tobacco load was 74.03±56.2 packets per year.
All of them (100%) used bronchodilators; five (38.46%) for control and prevention of hemorrhagic episodes; four (30.76%) for the cardiovascular system; five patients (38.46%) were physically active (light physical activity/twice a week). Table 1 shows initial and final values of vital and anthropometrical signs of COPD patients submitted to diaphragmatic electrical stimulation. It can be noted that there was no statistically significant difference of the variables studied when compared the initial moment with the final one.
On table 2, there are the values of respiratory variables and the BODE index before and after the physical therapy intervention. We observed statistically significant changes (p<0.05) with reduction of minute volume (l/min) from 14.47±4,72 to 13.03±4.00 and BODE index from 3.92±2.10 to 3.23±1.87.
During the walk test, the average of initial distance covered by the patients was 336±76.36 m, while at the end it was 402.76±51.29 m, which is a 66.76 m difference (p<0.05).
DISCUSSION
This research contributes to science due to innovation by using Russian current as a diaphragmatic stimulator and for further clarification on its effects on COPD individuals.
Afonso et al. 16 report that males have a higher probability of risk in COPD development. COPD prevalence is higher in individuals over 40 years old, being smoking its main modifiable risk factor. The sample studied represents this profile, and 84.6% were male, with 68.46±11.11 average age and 92.3% were exsmokers. The study of Carlos et al. 17 performed in animal models confirmed the effects induced by exposure to cigarette smoke. At first, such research seems to be repetitive, however, it contributed to the observation of main effects such as oxidative damage on the diaphragm muscle and, obviously, morphological changes on the lung tissue, pointing out that the diaphragm becomes vulnerable to exposure of cigarette smoke and that is the reason of respiratory repercussions, especially for smokers.
COPD patients present differences on type I and type II fibers, which indicates aerobic adaptation of the diaphragm regarding the disease and insufficiency to restore the ability to generate strength and endurance at normal levels, thus increasing its mechanical load. 5, 6, 18 .On animal models, the diaphragmatic electrical stimulation at 50 Hz frequency; TON/TOFF (contraction/relaxation time): 2/2 s; pulse duration: 0.4 ms, intensity: 5 mA to 1 mA with increase every three minutes for 20 minutes, by surface electrode, during seven days, caused changes in prevalence of diaphragm muscle fibers of Wistar male rats. Type I fibers reduced 19.5% and type II fibers increased almost 50%. 19 Cancelliero et al. performed the transcutaneous electrical stimulation with two different protocols on 21 healthy women. Sessions happened twice a week for six weeks, totalizing twelve sessions. The devices used were Dualpex (Phrenics) and Dualpex 961. These devices, respectively, led to a MEP increase of 44.7% and 60.9%, while MIP had an increase of 32.9% and 63.2%. The two protocols have improved the respiratory muscle strength, considering that the initial pressure average was MIP -63.36 and MEP -76.93. According to the authors, the increase in both pressures happened due to overlapping of the stimulated region. Also, the electrical current applied generates a wide electric field that would be sufficient to stimulate other muscle groups 9 . In the same context, Nohama, Jorge and Valenga developed an instrument for diaphragmatic stimulation in COPD patients. This was the only research that applied this technique specifically in COPD, similar to the present research. However, 10 sessions lasting 20 minutes each happened. In this study, MIP increased from 66.67±12.11 to 91.67±25.03 (delta D: 25) and MEP from 92.50±10.84 to 116.67±8. 16 (D:24) . The improvement on MIP contributed to decrease sensation of dyspnea, potentialize the respiratory muscles capacity and enhance functional capacity. The improvement on MEP was justified by the respiratory muscle adaptation, which optimized the strength-tension relation. In this study, there was also an increase in SpO 2 and RF reduction, however they were not presented, which limits our discussion.
Another 21 Debastiani and Aroca verified that the TEDS application in institutionalized older people, after 10 sessions of 20 minutes, provided an increase of up to 25% on MIP. 22 Unlike previous findings, the present study identified a decrease in MIP and MEP values, although these data were not statistically significant. Increase in these pressures was expected, mainly in MIP, which expresses inspiratory muscular strength, since electrical stimulation was directed to the main inspiratory muscle, however, it did not happen. For future studies, dosages, application time and more accurate evaluation techniques must be reviewed.
Furini and Longo report that when 10 to 30% of maximum muscular voluntary contraction is used, it can occur a 20% increase of blood circulation that happens around one minute after the beginning of electrical stimulation and this increase can last for up to five minutes after suspension. 10 Another study with respiratory electrical stimulation in patients with polyneuromyopathy found that electrostimulation can lead to increased blood pressure and cardiac debit. 23 Cancelliero, Costa and Silva 24 conducted an experimental study on rats, and after TEDS five sessions, they observed that this resource did not interfere in the cardiac electrical dynamic and caused a significant elevation of 42.85% on glycogen concentration in the diaphragm muscle, which demonstrates its effectiveness in improving muscle energy conditions.
In the present research, regarding clinical relevance, the average value of blood pressure arterial systemic measures had important reductions and can be classified as normal, which is still a benefit for patients who often have heart and kidney compromises due to respiratory distress.
Ghediniet al. 25 carried out a diaphragmatic electrical stimulation directly through single channel electrodes (Dualpex 961 Phrenics -depolarized current, with rectangular waveform, alternating symmetrical pulse type, 25 Hz frequency [cycles/sec] and 0.07 ms squall width.) on rabbits. Several intensities were administered and the relationship between the volume of expired air and the applied current intensity could be assessed. During the procedure it was possible to achieve expiratory volumes up to 149% of basal value.
Despite the methodological differences of these studies, such as the type of experimental model (humans and animals) with different intervention periods, in this research, reduction of the MV was evidenced, which in normal circumstances, from 5 to 6 L/min, contributes to obtain a respiratory efficient work. Electrical stimulation contributed to decrease MV, being a positive effect, as patients had a high MV if compared with reference values.
The distance walked in the 6MWT is a sensitive parameter for detecting clinical changes, and the BODE provides a multifactorial assessment 1, 18 . Pinto-Plata et al. 26 stated that the distance walked in the 6MWT is a most significant mortality marker when compared with FEV 1 , BMI or in the presence of co-morbidities, which reinforces significance for assessing functional capacity of patients in daily life activities.
After the treatment intervention, there was a decrease of BODE Index from 3.92±2.10 to 3.23±1.87, causing a significant difference, which was not influenced by the BMI. This finding is entirely positive, as it indicates that through the intervention there was a reduction in the probability of mortality occurrence in the group of COPD patients.
Specifically for the six-minute walk test, Redelmeier et al. determined a referential for clinical improvement when comparing distances (before and after intervention), this differential value must be 54 meters 27 . At our study, the initial distance walked by patients during the six-minute walk test was 336±76.36 m, while the average of the final distance walked by patients was 402.76±51.29 m. That is, these patients gained functional capacity, which reflects positively on their daily life activities, on aerobic capacity to practice activities, and on functional status of the cardiovascular and/or respiratory system as well as on morbidity and mortality indexes 28 . For this parameter it is possible to monitor the effectiveness of treatment and establish the prognosis of these individuals 29 . It can be observed that in a short time it is possible to obtain favorable results through the Russian current electrical stimulation.
There is unanimity among authors about TEDS being an effective tool to improve respiratory functional performance, however, only this research used Russian current as a therapeutic resource.
Based on the beneficial results found, we expect to encourage more studies to be performed on this type of protocol as a treatment method for COPD patients with a large number of volunteers, a large control group and evaluation equipment with a higher value precision. Duo to specific characteristics of the volunteers, it was not possible to form the control group, since the number of subjects was scarce, and the few that were available refused to remain in this group in case they were selected.
CONCLUSION
Diaphragmatic electrical stimulation through Russian current generates significant benefits to COPD patients, since it interferes on respiratory and functional components.
